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In conducting the research reported here, the investigators
adhered to "Principles of Laboratory Animal Care" as estab-
1ished by the Mational Soclety for Medical Research.
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. ABSTRACT
: |

- " The abllity of Venezuclan equine encephalitls (VEE) virus to indu e
viremis and elfcit formation of serum neutralizing antibodies was stu ﬁed
- - 4n White Carneau pigeons. Among birds receiving virus by the respira ry'
route, an inhaled dose of 3715 MICLDy units presented in one minute '
-+ resulted in both viremic and serologic response in 60 to B0% of the birds.
The birds did not respond to x subsequent challenge by the respiratory
. route, indicating a high level of immunity to VEE virus infection. Birds
. receiving virus by subcutaneous injection responded identically to the
. respiratory group in terms of luvel and duration of viremia and serum
- neutralizing antibodies. Responses after injection, however, occurred in
. 1007 of the birds; viremias firg* appeared on day 1 after infection as
" opposed to viremias first occurring on days 1 or 2 in the respiratory
group, Serum neutralizing titers in both groups of birds were followed
for 112 days after exposure to or injection of virus. The time of the
first appearance of antibodies and the subsequent increase in titers
were almost fdentical for the two 1outes. Birds showing viremias also
had virus in the oral cavity. Because of this factor, ard susceptibility
to aerogols, it was expected that goneral bird-to-bird transmission could
| demonstrated. . That odjective, bowever, was not achieved. Viremic and
ologic responses could not be proluced unless the dosage rate exceéded
minimum infective dose per minute, regardleas of the total dose
led. ; ,
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I. INTRODUCTION

In a previous study White Carneau pigeons were found to be susceptibie
to infection by Venezuelan equine encephalitis (VEE) virus by the
_respiratory route.l The minicum infective dose was between 75 and 374
mouse intracerebral LDy (MICLDs) units inhaled. The criteria ¢f infection
were occurrence of viremia and development of serum neutralizisg antibodies.
The viremias occurred by the second day after exposure and persisted
through the third day. Neutralizing antibodies were found in bird sera
at the time of sampling three weeks after exposure. The work reported
here was conducted to compare response to infection by subcutapeous and
respiratory routes. Comparisons were made of the patterns of yiremia,
excretion of virus, and development of serum neutralizing antibodies.
It was also of interest to test for bird-to-bird transmission pf the virus,
i.e., transmission without an insect vector. As a result of nbgative
data in these latter tests, additional studies weve made to evaluate the
effect of dosage time on the response to virus received by inhalation.

II. MATERIALS AND METHODS

The details of techniques were described for the most part in the
previous paper.l White Carneau pigeons were used that were about six
weeks 0ld and had a mean weight of 490 grams. The Trinidad striin of
VEE virus was used again as a select egg embryo harvest clarified by
centrifugation and treated with antibiotics. The virus had been passed
thirteen times through chick embryos. A single lot of virus was employed
for all tests with storage between tests at -50 F. Viremias ip birds
were determined by mouse assay employing efght Swiss-Webster strain
mice (8 to 12 grams) per dilution of blood. Serum neutralization (SK)
tests were also conducted by mouse assay. The SN index is the difference
between viral titers in the presence of normal chicken serum and titers
in the presence of test pigeon serum,

Orsl and cloacal swabs of potentially infected birds were washed
in 5 m1 of phosphate-buffered saline (PBS) solution containing 100 units
per ml of penicillin and i0" ug per ml of streptomycin. Eight mice
were injected by the intracerebral route with appropriate dilutions.

e 4
i L

Mom pages wore 'bhnk. therefore not fnma. J

bmm.ww . hal

© e st o —— ¢ s A 8 it e ST i ¥, . W A0 W1 R, RO GO T+ . SO EX B 8

‘—

. g

-

A N




TR R AT IR R o e

.~ particle size distribution at the time of bird exposures had a mass median
o ... dismeter of about 2 microns. The environmental conditions of the aerxosols
.+, were controlled to 75 F and 807 relative bumidity. Aerosol samples were
~collected in quadruplicate and assayed separately to provide information
. on experimental error. Mouse assays were used to estimate serosol

7 ‘concentrations. In trials where birds were exposed to aerosols for. one -

- minute, the heads were inserted through a slit in a rubber d{aphragm -

' Details of serosol methods have been described previously.l The serosol

- ‘tovering s port in the side of the aerosol vessel. During extended expolutea '
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of birds a whole-body procedure was employed with hosts contained in
expanded metal cages. In sll tests birds were grouped according to test

' treatment in individual Clau JII cabipets. The pouibuit;y of cross-
e connnination was thus roduced. o '

: m reapitatory volms of piseons were bued on Guyt:on ] geneul |
equation.? Because of the extremely consistent body weights of birds a mean

" ‘breathing rate of 220 ml per minute was applied to cxloulationa of inhaled
" doses for all hoat:o. » :

" I1T. RESULTS

" To detemine the orotective' e‘ffect of the original VEE virus tnfeotion in

 birds to subsequent challenge by the respiratory route, five pigcons were -

exposed to au inhaled dose of 3715 MICLDg units over a one-minute period.

" For wiremia determinations, birds were bled daily from the alar vein

beginmning the lst day after exposure and ending on the 4th day. Serologic
tests were conducted on sera collected before exposuze anﬂ again 3 weeka
hr.er. : ’ -

o " A oecond group of five bi.rds wag held in another cabinet aystem as environ—
noml controls. These birds were bled for viremic and serologic
' detemimtionl on the ame schedule as mdicated above. ;

M additionsl control groups were a part. oij:heiirat -exposures,—One -
group of five ‘pigeons was exposed to a low irhaled dose to provide additional
werification that thé minimum infective dose was between 75 and 374 MICLDy,
inhaled. The actual dose achieved was 51 MICLD,, units. A second group of
five birds was held in the vicinity of the aerosol vessel during the exposure

‘process to test for contaminating virus. Both of these groups were tested

for viremis on days 1 through 4 and for serum meutralizing antibodies both
before and 3 weeks after the test began. The birds were negative for VEE

. virus infection by both criteria, as were the environmental controls. .
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Three weeks following the initial exposures, the group originally
receiving 3715 MICLDg units inhaled and the original environmental con-
trols wers exposed to 3379 MICLDs units inhaled, with the dose presented
in one minute. Tests for viremia were again undertaken.on days 1 through
4 after exposure, and serum neutralization tests were conducted on sera
ccllected three weeks after the challenge. The results are given in
Table 1. .

Without exception those birds that developed viremia in the first
exposures exhibited a significant rise in neutralizing antibodies (>1.0
log). Control birds showed neither viremias nor antibodies. It was
also apparent that birds that devzloped SN titers after the first exposure

. were resistant to challenge as measured by viremia. Control birds

from the first test, however, developed viremia on challenge. The experimeatal
group consisting of exposed birds that did not respond either with viremia

or with the production of SN antibodies was not included in the challenge

test., Subsequent testing indicatzd that sub-infective doser resulted in
responses upon challenge identical to those of birds with no previous
experience with the virus.

A second series of tests compared the responses after exposure to
aerosols of VEE virus and after subcutaneous (ec) injection. The response
criteria of interest were viremic patterns, occurrence of free virus in
oral or cloacal cavities, end development of neutralizing antibody. The
eight birds receiving aerosol doses were tested daily for 4 days for
viremia and for 10 days by oral and cloacal swabs. The eight birds
receiving the sc dose were tested daily for 10 days for viremia and for
oral and cloacal virus. Five envirommental control birds were examined -
daily over a 10-day period for viremia and for virus in swab samplec.

The results are presented in Table 2. Some difficulties were experienced
in this test with contaminating agent in oral and cloacal swab samples from
one control bird. Mouse deaths in the assays occurred in patterns similar
to those observed with mice injected with VEE virus. After neutralization
tests on numerous samples, however, it was demonstrated that the agent
was not VEE virus. Because of this experience, frequent samples of blood
and swab washings were subsequently frozen for later confirmation by
neutralization tests. All blood samples tested contained VEE virus. The

activity of many swab samples, however, was nonspecific, “Others, i.e.,” ~ ~ ~ 77 T

those with titers of less than two log MICLDe, units per ml of sample,
were too low in viral concentration for reliable neutralization tests or
even for reliable passage to increase concentrations.
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In Table 2 the viremic titers may be considered specific except those of
2.0 log units or less, which were not verified.A ' :

On the basis, then, of titers occurring primarily to day 5 there was a =
marked similarity of viremic level and duration between the two. “outes.:, o
There was a marked difference, however, in the efficiency of viremic .. =
infection for the two routes, By subcutaneov‘ ‘njection everv bird was

_ viremic on the lst day after inoculatisn, but hosts receiving doses by the

respiratory route were not all infectr~d, Lack of complete resnonse in all’
birds has been characteristic of exposur: to aerosnls at concentrationn
as high as 4000 MICI.D,, units 1nha1ad. ' « S

VEZE virus was recovered and identified from two ora’ swaba. 'One twlb '

was made of the oral cavity of bird 82 (xespirarary group) on day 3 aftex ’ﬁWW$wj;ﬁﬂtuf
" “exposure, The second swab recovery, with viral identification, was from =~

bird 23 (injected group) on day 5 after inoculation. In addition to the .
blood and swab samples indicated above, samples were also collected on days '
42 and 43 and again on days 80 and 81, There was no evidence of infective
agent in any of the later samples. ' S . o

SN indices were determined for sera collected from all birds 0, 5, 10,
20, 40, 8C, and 112 days after exposure or injection. Indices are plotted
1n Figure 1 for each route for viremic hosts, for exposed but non-viremic
birds, and for environmental controls, which showed no sign of viremic
infection. The lack of significant neutralizing antibody formation in the
case of the non-viremic birds i{s consistent with earlier results regarding
the correlation between vi:emia and formation of neutralizing antibody.

The similarity of serologic respouse to virus presented by the respiratory )
rcute and by sc Injection is apparent. '

" Based on the evidence of viral infection by respiratory exposure and the
pregence of virus in the oral cavity, the possibility of cross infection among
birds was investigated. In the earlier test,! normal birds housed with
infected birds did not exhibit viremia or neutralizing antibodies. It was .
prepssed that the holding areas were too large for intimate contact. A
_system was devised to give maximum contact between infected and normal birds
by the respiratory route. The apparatus employed is illustrated in Figure 2.

—8ix birds exposed to -a respiratory -dose of 7447 MICLDwy units-inhaled were - T

placed on one box and six normals were placed in the second. All air for the
normal birds was received through the connecting duct from the infected

-birds. The air flow was about 12 liters per minute. To insure that arthropods
would not pass from infected to normal birds, a screen of 0 25 mm pore

size was placed across one mouth of the duct. ’
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After initiation of the test the birds remained in thelir respective
boxes for three weeks except for a short period, daily, for the first
ten days, during which birds were bled for viremia determinations and
the usual oral and cloacal swab samples were collected. Because the
holding boxes were located in separate enclosures there was no chance
of virus transmission except by way of the connecting duct., .The
results obtained in the cross-infection test are presented in Table 3.

In the case of exposed birds a number of blood samples ylelding
bigher titers were tested for specificity by the neutralization test.
All samples contained VEE virus except in one instance, and in that
case 2 rise in serum neutralizing antibody was found at 20 days after
exposure. The blood sample from bird 55 was confirmed for VZE virus
specificity on day 7. The high level of viremis continued for an

unusually long period until the bird died of a bacterial pneumonia on
dsy 10.

Among the oral and cloacal swab samples collected from exposed blrﬂs,
37 showed lethality for assay mice within the normal incubation period for
VEE virus. The concentrations ranged from two to three log MICLDy, u:nits
per swab. Thirteen samples gave titers sufficiently high tn warrant tests
for specificity. The original samples were injected into mice. Brains
were harvested from those that died during the incubation period,
homogenized in beef heart infusfon broth, and centrifuged at low speed.
The supernatants were then diluted 1:1 with inactivated normal or immune
chicken serum, incubated at 37 C for one hour, and refrigerated at 4 C for
two hours. Samples at appropriate dilutions were injected into mice,

Of the 13 samples only two contained detectable VEE virus., The samples

were both from bird 55; both were oral swabs, and were originally collected
on days 6 and 10,

Among the normal birds, a significant viremia was found in one bird
oniy (uumber 63). 7Two blood samples from that host, collected on days
9 and 10, were tested for specificity and both were positive. Among
the 120 swab samples collected from the normal birds, 17 cloacal swabs
occurring at random ylelded titers of unknowvn agent of two to three log
MICLDy, units per swab and one oral swab indicated a titer of two log
MICLDy units. A number of these swab samples showing higher titers
were injected into mice after a freeze-thaw cycle, but no responses were
obtained. The labile nature of the agent suggested a ncu-viral organism,
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. Surviving birds were tested for neutralizing antibodies on day 20.
. A1l of the exposed birds tested showed increases in indices of greater
than one log. Nonme of the normal birds showed a rise {n SN index. All
were tested except bird 63, which died on the 19th test day of unknown
. causes. It was concluded that only one bird out of six (number 63)
was infected by the abnormal contact condition. .

It was apparent from these data as well as from earlier tests with
pigeons that bird-to-bird infections were unlikely, even {n view of the
dose-response relationship by the respiratory route and evidence of

oral virus.
in dosage.

One possibility explaining these findings lay in a difference
In exposuras to controlled viral aerosols, the dose was

given in a one-minute period.

Exposures of birds to virus shed frou

infectrd hosts on the other hand may have been a case of dosage at
a lower rate, although the accumulated total dose was relatively high.

A study was designed to permit exposure of pigecns to controlled
aerosols, with doses per minute less than the minimum infective dose but
with the total inhaled dose far greater than that level. K The method of
achieving these conditions is illustrated by the plot in Figure 3. An
aerosol of VEE virus was produced with a mass median diameter of about
4 microns., Pollowing collection of a control aerosol sample at a midpoint
of 4 minutes after dissemination the aerosol purge system was operated
for 20 minutes to reduce the viral concentration. After the physical
reduction of viral units, aerosol samples were collected in quadruplicate.
At this time and subsequently, the mass median diameter of the aerosol
was 2.0 microns. The cloud was then allowed to undergo natural decay
for 45 minutes, at which time another set of samples was collected. This
was the point at which the cloud was expected to approach non-detectable
levels. Further natural decay proceeded for a period calculated to yield
the desired dosage level. Birds were then exposed for 60 minutes. Other
tests had indicated that infectivity properties for quinea pigs remained
constant over the cloud age of interest. Also, evidence from numerous
other tests was available to indicate that decay of the aserosol was log
linear over the period of interest. Thus the two cloud concentration

. estimates obtained from the samples collected after the physical reduction

could be employed t3> obtain, by extrapolation, actual estimates of aerosol
levels during the extended bird exposures. Total doses wvere estimated

by integration of that segment of the concentration time curve pertaining
to the bird exposttxre period. The definite integral employed was:

Jr 2 I coe-kt

t1

dose in MICLDey units

time in minutes

respiratory volume per minute in milliliters

C, = concentration of aerosol at beginning of exposure period in
MICLDg units per liter of air in one minute

k = decay constant
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In later tests it became clear that if the dose in the first minute
exceeded the mini infective dose for one minute, a normal viremic
and serologic respdnse followed. This occurred, for example, in the
first test because of incorrect prediction of cloud characteristics,
with a resulting first-mipute dose of 304 MICLD g units inhaled. In that
test, five of severl birds responded with viremias at levels and for
durations fdentical to those found previously for aervsol-exposed hosts.
Each of the viremid birds showed significant levels of serum neutralizing
antibodies 3 weeks {later and virus wae identified as VEE in at least
one oral swab collected on day 3 after exposure. These obssrvations
supported the idea that the response vas a function of exposure rate.

1 The next effort| resulted in more accurate predictions. The actual
‘ ’ cloud concentration and decay properties were not greatly different
from test design calculations. Eight pigeons were exposed to a total
; ‘inhaled dose of 4544 MIClDyg units over a €0-minute period. The dose in
i the first miaute, which was the highest one-minute dose during the entire
! ;(a' exposure (Fig. 3), 'lms 124 MICLDs units {nhaled., Birds were tested for
i viremia from day 1 through day 1C after exposure and daily swadb samples
E ’ of the oral cavity and of the cloaca were obtained. In addition, birds
: were bled at 21 days for SN tests. The results were completely negative.
; VEE virus did noz occur in the blood or in swadb samples. Purthermore,
i SK titers at 21 days did not exceed 0.7 log unit. Pour of these birds
: were subsequently challenged with VEE virus by the respiratory route,
. T Three of four showed normal viremizs, three gave oral swab isolates
. that were confirmed, and SN indices three weeks later were 2.0 log units

or higher. The fOurth bird did pot respond in terms of either vitremia
or SN titer.

Al

- One additional test, to be reported later, resulted in conclusions

i similar to those above. Exposure of 15 pigeons to a total inhaled
dose of about 1000 MICLDyq units with a first-minute dose of 22 MICLDw
units inhaled resulted in viremfas in only two hosts.

e T A

i Many birds sacrificed at the completion of individual experiments

| and the relatively small number that died during tests were submitted

i to a pathology laboratory. Thére was no evidence on the basis of
bistopathologic studies that the VEE .virus infections were characterized -
by ftocal encephalitis. One instance of a meningitis was reported

and in several cases trichomonad infections were found. The only
congistent disease pattetn vas noted among the birds confined in the small
boxes described previcusly in the cross-infection study. It was reported
that all birds, upon sacrifice, showed necrotizing bronchitis and pneumonia
with abscess foma:i‘cm. The one bird (number 55) that died 10 days after
exposure exhibited a bacterial paeumonia. This bird also exhibited

an abnormally late and long-term viremia due to VEE virus, It eppeared in
this case that the spcondary iafection may have interrupted the viral

; clearance mechanism an otherwise resistant bird. The bias introduced

i "into the cross-infection test must be recognized. It is possible, then,

that none of the normal birds would have been: infected had the exposed
mates showed a normal viremia,
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- II1. DISCUSSION

Lt T ) " .

These studies were conducted to understand better the parasite-host
relationship of VEE virus and White Carneau pigeons. Inhalation of
virus in small particles by normal birds results in infections when
the inhaled dose in one minute {s more than 75 MICLDy units. The
_infection is characterized by viremia of 2 or-3 days' duration and the -
development of serum neutralizing antibodies.l The presence ©f these
antibodies was clearly An:ociated with protection againat aerosol

challenge.

Respiratoxy resistance factors were strongly suggested by the general
failure of normal birds tc be infected by exhaust air from infected birds . - ... ———§ —-
- exereting virus by way of the oral cavity. Additional evidence of such ¥ :
nonspecific resistance was suggested by the immediate occurvence of viremias )
in all birds injected with VEE virus although only a partial responss with
slightly delayed onset was routinely obtained in birds receiving an inhaled i
dose as much as seven times higher.. However, this comparison of viremic ‘
responses to fnhaled and injected doses is confounded by unknown retention
of the foruer. However, the difference in response even in the presence o ¢
of a matkedly higher aerosol dose argues against an asaumption of respiratory ' ,
tract resistance factors. C o '

R

The magnitude of the rea@stance factors in immunological virgins was
shown by the resistance to comparatively much higher doses presented over
extended periods of time. It was obvious that the critical factor in the
induction of viremfa and stimulation of neutralizing antibody formation
was a dosage rate greater than the rate of nomspecific neutralization of agent.

: The nature of the nonspecific resistance to VEE virus is of course

of interest. Possible mechanisms corld include physical removal, action of

the phagocytic system, properdin-type antiviral substances, or autointerferernce.
: The latter possibility is suggested by the nature of the dosage schem
: employed. Since graded doses were achieved by natural decay of the ae osol,
i the ratio of dead to live virus necessarily increased as dosage leveli|!
decreased. Thus, conditions were favorable for autointerference sas
cause of the dose response patterns, including those associated with
1 exposures. Additional study is-required-to evaluate this possibility.

The agent neutralization indicated apove was very effective in preventing
formatiorn. of SN protective antibodies. It is of further interest to determine
the dose-vesponse relationship subsequent to the extended exposure experience
for detection of any change in response of the birds to VEE virus. Such
test3 are in progress. Attempts have been made to detect hypersensitivity
in exposed birds but without ruccess. Skin tests have been routinely
negative, In addition, anaphylactic shock has not been demonstrated.

.
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A statement cannot be made that bird-to-bird transmission does not
occur in nature. The data reported here only imply that dosage must
exceed the minimum infective dose per minute in order to infect. Wild
birds may in fart be far more susceptible to emall doses than are

pigeons. 1In this event excreted virus may be at sufficient peak

__concentration to produce 3 normal viremic infection and thus contribute

‘to either mosquito-bird cycles or to bird-to-bird cycles.
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